Abstract Minihypers are substructures of projective spaces introduced to study linear codes meeting the Griesmer bound. Recently, many results in finite geometry were obtained by applying characterization results on minihypers (De Beule et al. 16:342-349, 2008; Govaerts and Storme 4:279-286, 2004; Govaerts et al. 28:659-672, 2002). In this paper, using characterization results on certain minihypers, we present new results on tight sets in classical finite polar spaces and weighted m-covers, and on weighted m-ovoids of classical finite generalized quadrangles. The link with minihypers gives us characterization results of i-tight sets in terms of generators and Baer subgeometries contained in the Hermitian and symplectic polar spaces, and in terms of generators for the quadratic polar spaces. We also present extendability results on partial weighted m-ovoids and partial weighted m-covers, having small deficiency, to weighted m-covers and weighted m-ovoids of classical finite generalized quadrangles. As a particular application, we prove in an alternative way the extendability of 53-, 54-, and 55-caps of PG(5, 3), contained in a non-singular elliptic quadric Q − (5, 3), to 56-caps contained in this elliptic quadric Q − (5, 3).
Introduction
Let PG(n, q) denote the n-dimensional projective space over F q , the finite field of order q.
By π r , we always denote an r -dimensional subspace of PG(n, q) and by v r +1 := q r+1 −1 q−1 , we denote the number of points of an r -dimensional projective space. Definition 1.1 (Hamada and Tamari [20, 21] ) An { f, m; n, q}-minihyper is a pair (F, w) , where F is a subset of the point set of PG(n, q) and w is a weight function w : PG(n, q) → N : P → w(P), satisfying
P∈F w(P) = f , and 3. min{ P∈H w(P) : H is a hyperplane} = m.
The weight function w determines the set F completely. When this function has range {0, 1}, then (F, w) is determined completely by the set F and the minihyper is denoted by F.
From this definition, it follows that an { f, m; n, q}-minihyper is a (weighted) m-fold blocking set with respect to hyperplanes, i.e. every hyperplane contains at least m points of this set, defined in [23] . This link with (multiple) blocking sets is very important in obtaining characterization results on minihypers.
Although minihypers were first introduced to study the problem of linear codes meeting the Griesmer bound [19, 20] , characterization results on minihypers can be used to solve problems in finite geometry, see [4, 8, 17] for applications on substructures of finite projective spaces and generalized quadrangles. We refer to [31] for a survey on the use of minihypers in the study of linear codes meeting the Griesmer bound and in the study of geometrical problems.
In this paper, we present new applications. In Sect. 3, we contribute to the study of i-tight sets, as defined and studied in [1, 7, 9] . In Sect. 5, we concentrate on the study of partial weighted m-ovoids and partial weighted m-covers in classical finite generalized quadrangles.
The classical finite polar spaces are the non-singular elliptic quadrics Q − (2n + 1, q), n ≥ 2, the non-singular hyperbolic quadrics Q + (2n + 1, q), n ≥ 1, the non-singular parabolic quadrics Q(2n, q), n ≥ 2, the symplectic spaces W(2n + 1, q), n ≥ 1, and the non-singular Hermitian varieties H(n, q 2 ), n ≥ 3 [24] . For a classical finite polar space different from Q(2n, q), q even, ⊥ denotes the polarity corresponding to this classical finite polar space. For the classical finite polar space Q(2n, q), q even, P ⊥ denotes the tangent hyperplane to Q(2n, q) in a point P of Q(2n, q).
To conclude this introduction, we state some definitions and results on blocking sets in PG(2, q).
A blocking set in PG(2, q) is a set of points in PG(2, q) that meets every line. A blocking set in PG(2, q) is called trivial when it contains a line. For information on blocking sets, we refer to [23] . Let q + q denote the size of the smallest non-trivial blocking sets in PG(2, q). In the next table, we give exact values on q and lower bounds on q (Table 1) .
Minihypers contained in quadrics
In this section, we present new characterizations of minihypers whose point sets are contained in classical finite polar spaces, see Theorems 2.8 and 2.10. These characterization results are used in the proofs of the characterization results for i-tights sets in Sect. 3.
